Introduction
Patients frequently present to their general practitioner (GP) with signs and symptoms consistent with heart failure or valvular disease. Significant heart failure and aortic stenosis may become severe without symptoms (1, 2) and their incidence is increasing (3) . Physical examination forms an integral part of clinical assessment of cardiac disease and helps direct appropriate tests for definitive diagnosis, but has poor diagnostic accuracy, missing or over-calling clinically important cardiac pathology approximately 50% of the time when compared with transthoracic echocardiography (TTE) in both the acute (4, 5) and outpatient (6, 7) settings. TTE is a useful and frequently performed test for diagnosis or exclusion of structural heart disease, but is a limited resource. Strategies to improve the availability of TTE to GPs are not able to solve this problem (8) . Physicians with brief training are now performing their own TTE at the bedside to improve their initial clinical assessment, which improves the initial diagnostic accuracy and influences clinical management (9) . This type of TTE has been recognised and defined by the American Society of Echocardiography as focused cardiac ultrasound (FCU) -"a focused examination of the cardiovascular system performed by a physician by using ultrasound as an adjunct to the physical examination to recognise specific ultrasonic signs that represent a narrow list of potential diagnoses in specific clinical settings" (10) . The rapid emergence of this practice has been driven in part by the reduction in size and cost of ultrasound equipment and with the realisation that the skills required to perform FCU can be taught to noncardiologists (6), including medical students. It is possible that general practitioners could perform their own FCU to facilitate earlier and more accurate detection of cardiac disease, which has increasing prevalence. However, there are few data on its use in the general practice setting (11) .
The aim of this study was to identify the influence of FCU on the diagnosis and management of patients aged more than 50 years presenting to general practice, regardless of whether they were symptomatic or asymptomatic of heart disease. Secondary aims included the feasibility of FCU and frequency of cardiac disease detected in this setting.
Methods

Study design
This prospective observational study was conducted with approval from the University of Melbourne Human Research Ethics Committee and conducted at the Nillumbik Medical Centre and the Research Medical Centre.
Selection of subjects
The medical student researcher screened patients who were waiting in the general practice waiting room for eligibility for enrolment in the study (convenience sampling) between March and June 2014 (Fig. 1) . After obtaining written consent from eligible patients, the researcher performed FCU according to the described protocol. Exclusion criteria included TTE or chest CT in the preceding 12 months.
The image quality and findings were recorded on a standardised report form ( Supplementary Fig. 1 , see section on supplementary data given at the end of this article), which was initially concealed from the GP. After their conventional clinical assessment (patient history, clinical examination and review of medical history and investigations), the GP recorded their diagnosis and management plans in a standardised form before and after being shown the FCU report. Any change in diagnosis or management plan was deemed to be due to the FCU.
Measurements
The medical student investigator received training in FCU before the study consisting of 20 h of interactive e-Learning (tutorials and case studies), and two days of supervised practice on human models without cardiac pathology ((iHeartScan course (6)). The medical student then practiced FCU on patients presenting to general practice. An expert critiqued the quality and interpretation of images produced by the medical student until the student was deemed competent to perform and interpret FCU independently. This was achieved after 40 FCU studies.
FCU was performed using an M-turbo (SonoSite, Bothwell, Andover, MA, USA) echocardiography machine and a 5-1 MHz TTE probe, and was conducted according to the iHeartScan protocol (Haemodynamic Echocardiography Assessment in Real Time) (6, 12) . This is designed to take less than 10 min to perform using pattern recognition of two-dimensional and colour flow Doppler images, enabling convenient point-of-care use. This protocol has been demonstrated to be effective in screening for clinically significant cardiac pathology by anaesthetists (4, 6) in a time-efficient manner, without causing a delay in patient management (13) . Clinically important cardiac pathology was defined as either left ventricular systolic or diastolic dysfunction, right ventricular systolic dysfunction, moderate or severe valve stenosis or regurgitation (14, 15) , or pericardial effusion of greater than 0.5 cm as defined previously (16) . Left ventricular systolic dysfunction is defined as systolic fractional reduction in LV internal dimension less than 24% or LV end diastolic area less than 50%. Left ventricular diastolic dysfunction is defined as normal LV systolic function with raised left atrial pressure, which correlates with fixed curvature of the interatrial septum towards the right atrium, as demonstrated by Haji and coworkers (17) . Right ventricular dysfunction is defined with FCU as dilation of the RV end diastolic area to greater than two-thirds of the LV end diastolic area and reduced RV free-wall motion with or without flattening of the interventricular septum. As sub-types of ventricular failure classified with echocardiography may present with similar clinical symptoms and signs, they were grouped together as 'cardiac failure' to enable a comparison of FCU with clinical diagnosis, as reported previously (4) . The use of haemodynamic assessment is more relevant to anaesthesia and critical care settings as patients presenting to general practice are not usually in shock. However, the haemodynamic state was assessed with FCU by categorisation into normal, empty, vasodilated, LV systolic and/or diastolic failure, or RV failure, as described previously (16) using the assessment of LV and RV volume and function. Clinically insignificant findings included mild valvular stenosis or regurgitation or mild reduction in systolic ventricular function. The quality of imaging of the FCU was rated as interpretable or non-interpretable based on the ability to perform the complete protocol (all fields completed in the report form) from any of the three acoustic windows. Digital images were reviewed off-line for accuracy by an expert in echocardiography (CR) and the report was adjusted if required before the GP acted on the findings.
Outcomes
The primary endpoint of the study was the incidence of clinically important changes in cardiac diagnosis and management. FCU was considered the gold standard in diagnosis. Secondary endpoints included the incidence of clinically significant cardiac pathology identified by FCU, changes in management, and the image quality and accuracy of interpretation of FCU by the researcher.
Statistical analysis
The sample size was estimated using the binomial proportion confidence interval of a change of 30% of change in management (P 0.3) from before to after ultrasound examination. For a 95% confidence interval, width interval of 5%, P of 0.3 and significance set at P = 0.05, the sample size calculated was 80. Endpoints are described as frequency data without statistical comparisons. Data were coded and stored in Microsoft Excel 2010 and analysed using SPSS V21 (SPSS).
Results
Of 90 patients who were screened, seven were not included: three patients refused, three patients had insufficient time for FCU and one patient was incapable of providing consent. Of the 83 patients who were included, three were excluded: one patient was found to have received a formal TTE within 12 months, one patient
received a CT chest within 12 months, and the GP failed to comply with the protocol in one patient. There was full data for analysis of the remaining 80 patients.
The mean age was 66 (s.d. 13.1) years and 59% were female. Patient co-morbid diseases included cigarette smoking (42.5%), hypertension (47.5%), ischaemic heart disease (12.5%), diabetes mellitus (8.8%), chronic obstructive pulmonary disease (7.5%), interstitial lung disease (7.5%) and cardiac failure (7.5%). One patient had aortic stenosis.
FCU was performed and interpretable in at least one acoustic window in all 80 patients. Cardiac pathology identified with FCU and the influence on diagnosis and management are summarised in Fig. 2 . Significant cardiac pathology (defined in the methods) was detected with FCU in 20%, which were missed by clinical examination in 12.5% and included aortic stenosis 11% and cardiac failure in 9% of patients. FCU also confirmed aortic stenosis in one patient with a history of aortic stenosis.
FCU resulted in changes in patient management by the GP in 15% of patients. Of these patients, FCU revealed cardiac pathology in 62.5%. Changes included referral for diagnostic TTE (10%), commencement of heart failure treatment (4%) and referral to a cardiologist (1%). There were two patients where FCU resulted in a new cardiac diagnosis (combined aortic stenosis and cardiac failure) that had no change in management due to the decision from the GP that medical intervention was not appropriate due to poor patient prognosis.
Agreement between the investigator and the expert in the presence or absence of clinically important cardiac pathology (as defined above) occurred in 89%. In the 9 (11%) patients in whom there was disagreement in FCU interpretation between the investigator and expert, the investigator reported presence of significant pathology that was not reported as present by the expert, including right ventricular dysfunction (6%), aortic stenosis with raised left atrial pressure (2.5%), and left ventricular systolic dysfunction (1%). However, the expert reviewer deemed the differences clinically unimportant and no significant cardiac pathology was missed by the medical student. The medical management was also unaffected as the treating GP received the revised report.
Discussion
Screening of patients aged over 50 years attending a GP with FCU by a novice was feasible, identified significant cardiac pathology in 20%, which was frequently missed clinically, resulting in frequent changes in patient management such as earlier referral for confirmatory echocardiography and treatment of heart failure. The most common pathologies missed by clinical examination were aortic stenosis and cardiac failure; They have a prevalence of 2-3% in the general population, which rises to 10-20% in the population aged 75 years or more (1, 2) . The prevalence is likely to worsen as the mean age increases. Under-detection leads to preventable morbidity and mortality (1, 2), and require echocardiography for diagnosis, as clinical assessment is unreliable (4) . Widespread use of FCU in general practice may lead to earlier detection and treatment of these common but serious conditions. Additionally, echocardiography is able to differentiate systolic from diastolic heart failure (heart failure with normal ejection fraction), which accounts for more than 50% of presentations, contributes to poor prognosis, and has a different treatment to systolic heart failure (18, 19) .
This study confirms other reports that a novice can rapidly acquire the skills required to perform and interpret FCU (4, 6, 20, 21, 22) , with clinically acceptable accuracy. Although learning FCU requires a significant and sustained effort, it is likely that the average general practitioner will be able to achieve this level of competency.
There are an increasing number of medical and surgical specialties that are adopting this skill, such as anaesthesia, critical care, emergency medicine, respiratory medicine, internal medicine and paramedics (ambulance). Trainees in these specialties are able to learn FCU during their training despite a full curriculum and busy clinical workload. Training courses in FCU are increasingly available (9) , and high fidelity FCU simulators with an increasing volume of on-line resources enable learning FCU when convenient and not encroaching on clinical practice (23) . In a recent survey of medical schools in USA, 62% reported that ultrasound is taught in the curriculum (24) . It is likely that new generations of general practitioners will already have learned the skill before entering general practice.
Attempts to improve GP's access to existing TTE services have also found a high rate of important cardiac pathology. The open-access echocardiography scheme allowed GP's access to TTE laboratories at 133 hospitals in the UK (25, 26, 27) and generated an extra 2343 TTE studies over 2 years, which identified significant cardiac pathology in 29% of patients (8) . Gillespie and Pringle reported significant cardiac pathology in 29% of patients from a qualified TTE technician located in the general practice (11) . The authors of both studies concluded that expansion of TTE in general practice increases the detection of clinically important pathology. However, it is unlikely that either of these models of service is scalable as they rely on existing cardiology services that are already overstretched. This is in contrast to the results of our study, which may be scalable if GPs are able to perform their own TTE. Cost of the equipment is now not prohibitive, with a hand-held unit currently costing as little as GBP 9000.
Limitations of this study include the observational nature of the design, which was aimed at establishing proof of concept rather than the effect on patient outcome. Although a control group (no TTE) was not used, the patients represented their own controls, with diagnosis and management plans recorded before and after receiving echocardiography information. Changes in management due to the FCU mostly involved referral for a comprehensive TTE to confirm the findings on FCU, which may seem to be simply doubling up of services. However, without FCU it was demonstrated that clinical suspicion was absent, and therefore the effect of the FCU was to potentially detect the condition earlier, potentially prompting earlier treatment. Another limitation in this study is that although the researcher performing the FCU was deemed to be proficient in this technique, to ensure the quality of interpretation, an expert reviewed the images, which may not be easy to achieve in all GP practices.
Although routine screening is likely to be difficult to be implemented widely in general practice as many GPs are under pressure with workload, it is more likely to be successful in targeted screening of patients at increased risk of cardiac disease. This was demonstrated in the audit of 2343 TTEs performed in the GP setting by the open access scheme reported by Chambers and coworkers (8) . The most common indications for TTE in the GP setting in this study were murmur, suspected heart failure (only with elevated B-type natriuretic peptide), abnormal ECG, hypertension and cardiomegaly. Patient throughput is important in general practice and the benefits of early detection of cardiac disease with FCU, such as early treatment, need to be justified by the additional time to implement FCU in clinical practice.
Conclusion
Routine FCU changes clinical diagnosis and management in a substantial proportion of patients aged over 50 years presenting to general practice.
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